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(Currently 



Amended) A method of manufacturing a semiconductor device, the 



method comprising: 

f«Diiig a single an* aielMtiic layer overlying a substrate; 

fc™i„g,firstb«rierlay..compridngafi,^dielec«icbarrier™.erial.oo«.e Single 

first dieleotric layer with an interface therebetween, 

^olnnstotoasin^eopc^^efeaientirely^lW^^ 

fl,. single first aelectric Uyer a.»i a bottom o f a . o (u . . flinln ntri n l ,^. 

fonningaseoondb^rier layer. coo*risinga,^nddielec.Hcba,,iern«.eria.aiireren. 

fi„„thefts.die,eetHcbs.riern,aterial.oo.nuppersu.««of*»i^'>=-^-'»Verover,y^^ 
^,sing,efirs.die,ecM.layer.on,besi.es«rf^ortb.sing.e<lrs.^e,ee.rie,ayerdefi„ing*. 

single opening and on the bottom of the single opening; 

e.ebing,wi.hse,e«ivity.o.h,firstbarrier,ay.r.torcn.ove,hesecondba,rier layer fton.. 

ands«w<ngon..heuppersnrfaceof.hefi,s.ba,.ierlayer.andtoren,ove«.eseeondbarri. 
,.^6o..hebo«„n,of,hesingleopening.leavingaportionofthcs.condbarHerUyerasa 

«„frt,esinde first dielectric layer definingthe single opening and 
liner on the side surfaces of the smgie iu»i 

filtogthesingleopeningwithn,et.l«>fonnalowerme.aIfeature. 

, (Original ThemethodaccordinstoclaimLwhereinthefirstandsecond 
^.,ec.ricbarriern..erialsarese,ec.ed.^.he^npco.^stingofsiUc».ni.ride.sih^ 

oxynitride and silicon carbide. 
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3. (Origjnal) The method according to claim 2. comprising depositing each of the 
first and second barrier layers by chemical vapor deposition. 

4. (Origioal) The method according to claim 3, comprising depositing each of the 
first and second barrier layers at a thickness of about 50A to about 500A. 

5. (Previously Presented) The method according to claim 1, comprising filling 
single opening with copper (Cu) or a Cu alloy. 

6. (Previously Presented) A method of manufacturing a semiconductor device, the 

method comprising: 

forming a first dielectric layer overlying a substrate; 

forming a first barrier layer, comprising a first dielectric barrier material, on the first 
dielectric layer; 

etching ,.fo™.«ope^^ defined by side ^accsofU^ firs. diel«riclayera«la 

bottom; 

torn *e«rstdi.fecWc barrier ma.»iAon»upp^surf.«ofU.ctebamerlay«ovcrlying 
tt,eiir«diel.o«icUyer.ona.c Sid. su,6ce.of«,cflrs.die.ec»ic layer deaningthcaxaopemne 

and on the bottom of the opemng; 

Cetog. wifl. selectivity to tile tot barrier layer, to remove the seeotri bmier layer Som, 
a,rfstoppingon..heuppers^ceof,hefrstbarrier layer, and to rcmovetheseeondbarrier 
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layar from the-bottom of the first opening, leaving a portion of the second bamer layer as a liner 
on the side surfaces of the first dielectric layer defining the first opening; 
fiUing the opening with metal to form a lower metal feature; 

forming a third barrier layer, comprising a third dielectric barrier material different from 
the first dielectricbarrier material, on the first barrier layer and on an upper surface of^ 

metal feature; 

forming a second dielectric layer on the third barrier layer; 

forming a fourth barrier layer, comprising a fourth dielectric barrier material, on Ihe 

second dielectric layer; 

forming a third dielectric layer on the fourth barrier layer; 

forming a fiith barrier layer, comprismg a fifth dielectric barrier material, on the third 
dielectric layer; 

etchmg to Sm» a dual d^asc^e opening comprisu« » Uff« «nch portion de&ed by 

.idc s»ac« of 4c IhW didcc^ic l.y« in connnnmc.«on witt. a lower via l>ole defined by side 
.^c«of«.c second dielecBic layer andabo,U,mona.leas.aportt<.nofd.euppcrs«rfaeaof 

the lower m^ feature; 

formingasixthbarrierlayer,comprisingasixthdielectricbarrierrnateriald^^^^^ 

the first, four* and fifm dielectric materials, on the fifth barrier layer ove^^^^^ 

dielectric layer, on the side surfacesof^e third dielectric layer defining the tr^^^^ 

^aces of the seconddielectric layer defining the viahole^onaportion of the fourihbarrier 

layer between the trench and via hole, and atabottomoflheviahole; 

etching to removedxe sixth barrier layer from, and stopping on. the fifthbarrier layer, 

tv,e fmirih barrier layer, and at ihe bottom of the via hole, leaving aportion 
from and stoppmg on the fourtn Darner i^ycr, an 
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trench and on the side surfaces of the secona oi 

>i,T«PtaUofonn a metal line connected to an 
filling the dual damascene opemng with metal to fonn 



tmderlying metal via. 



7. (Original) The method according to 



claim 6, comprising filling the dnal 



damascene opening 
Cu or Cu via which 



with copper (Cu) or a Cu alloy to fom. a 



Cu or Cu alloy line connected to a 



is electricallycomiectedto the lowermetal feature. 



8. (Original) The method according to 
comprises a Cu or Cu alloy line. 



claim 7, wherem the lower metal feature 



J- 4^ ^laim 7 wherein the dual damascene 
Q (Original) The method accordmg to clami 7. wherem 

. ..2ri.specttothelowermetalfe^ 
opemng.sm.sal.g.ed ,.,^,,etal feature and on a portion of an upper 

is on a portion of the upper surface of the lower metal 

surface of the first barrier layer. 
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(Original) The method according to c 



^lairn 6, forther comprising depositing a 



seventh dielectric barrier 



luffterial. on an upper surface of the 



seventh barrier layer, comprismg a sc 
six^harrierlayer and onanupper surface ofthemetalline. 

, .Original) I.emethodaccordingtoclaim6.where.thefirst.second.t^^^^^ 

" ridi^leetricbarriermaterialsareselected^.^ 
fourth, fifth and sixth dieiecmc om 
nitride, silicon carbide and silicon oxynitride. 
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12. COrigiral) The method «=coriii>g to cteim 6. oompriaing depositmg each of the 
second, third, fot^th, fiilh ™J sixth bamer tayen, at a thidcness of about SOA to about 

SOOA. 

13. (Withdrawn) A semiconductor device eomprising: 

a lower .netal feature, comprising copper (Cu) or a Cu alloy, fonned it. an op«mg 
definedbysides„rfscesofaflrs,die..ctfclayerh.ving.flrstbar.i« layer. comprUingafirst 

dielectric barrier mat«riaJ» thereon; 

aflrstbanierUner.comprising.seconddielectricbarnermat.rialdifferen.irom the first 

die.ec.ricbarriermaterial.o„.hesidesu.ftcesoftheflrstdielec«c.ayerbetweenthe lower 

^etal feature and the first dielecrtc layer, the first barrierliuer having anuppe, surface 

extending to a distance below m upper s»rf«=e of die flrst dielectric layer. 

14. (Withdrawn) The semiconductor device according to cWm 13. wherein the 
distance bet^eentheupper surface ofthefirstbanier.h,erand.heuppersurfi.eof*e first 

barrier layer is about 25A to about 200A. 

15. (Withdrawn) Tbe semiconductor device according to claim 13. further 

comprising: 

a secohdbarrier layer, comprisirtg a .Hxd dielectric barrier material different ftom dte 
^^dielectricbarrier material, outhe firstbarri.1ayeroveriying.be flrs.die>ec.riclayer,and 
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a dual damascene structure formed on and electrically connected to the lower metal 
feature, the dual damascene stracture comprising: ^ 

a second dielectric layer on the second barrier layer, 

a third barrier layer, comprising a fourth dielectric batrier material, on the second 
dielectric layer, 

a third dielectric layer on the third barrier layer, 

a fourth barrier layer, comprising a fifth dielectric hairier layer material, on the third 
dielectric layer, 

a dual damascene opening comprising a trench, defined by side surfaces of the third 
dielectric layer, connected to a via hole, defined by side surfaces of the second dielectric layer 
and a bottom on at least a portion of the upper surface of the lower metal feature; 

a second barrier liner, comprising a sixth dielectric barrier material different Scorn the 
first, fourth and fifth dielectric barrier materials, on the side surfaces of the second dielectric 
layer defining the via hole and on the side surfaces of the third dielectric layer defining the 
trench; and 

Cu or a Cu alloy filling the dual damascene opening and forming a Cu or Cu alloy line in 
the third dielectric layer connected to a via in the second dielectric layer which, in turn, is 
electrically connected to the lower metal feature, 

16, (Withdrawn) The semiconductor device according to claim 15, wherein: 
an upper surface of the second barrier liner on the side surfaces of the second dielectric 
layer extaids to a distance below the upper surface of the third barrier layer; and 
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an upper surface of the second barrier liner on the side surfaces of the third dielectric 
layer extends to a distance below the upper surface of the fourth barrier layer. 

17* (Withdrawn) The semiconductor device according to claim 16, wherein: 

the distance between the upper surface of the second barrier liner on the side surfaces of 

the second dielectric layer and the upper surface of die third barrier layer is about 25 A to about 

200A; and 

the distance between the upper surface of the second barrier liner on die side surfaces of 
the third dielectric layer and the upper surface of the fotuth barrier layer is about 25 A to about 
200A. 

18. (Withdrawn) The semiconductor device according to claim 1 5, wherein the dual 
damascene opening is misaligned with respect to the lower metal feature such that the bottom of 
the via hole is on a portion of the upper surface of the lower metal feature and on a portion of an 
upper surface of the first barrier layer, 

19. (Withdrawn) The semiconductor device according to claim 15, wherein the first 
and second barrier hnei$ and the first, second, third and fourth barrier layers each have a 
thickness of about 50A to about 500A, 

20. (Withdrawn) The semiconductor device according to claim 15, wherein the first, 
second, third, fourth, fifth and sixth dielectric barrier materials are selected torn the group 
consisting of silicon nitride, silicon carbide and silicon oxynitride, 
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21 (Previously Presented) The method according to claim 1 , comprising etching to 
form the single opening having entire side surfaces which are substantially parallel. 

22. (Previously Presented) The method according to claim 1 , comprising etching to 
remove the second barrier layer leaving a portion of the second banier as a liner on the side 
surfaces of the single first dielectric layer with a gap between an upper surface of the liner and an 
upper surface of the first barrier layer. 

23. (Previously Presented) The method according to claim 22, wherein the gap is 
about 50A to about 500A. 
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